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(57)Abstract: 

PURPOSE: To provide a vibrator capable of efficiently 
taking out elliptic movement for driving which occurs at a 
material point of an elastic body by making almost equal the 
natural frequencies of two vibration modes excited in the 
vibrator in an ultrasonic motor constituting the vibrator with 
a plate-shaped elastic body. 

CONSTITUTION: Vibration due to a first bending mode 
shown in (a) and (a-1, 2) and vibration due to a second 
bending mode shown by (b) and (b-1, 2) are excited in an 
elastic body with a phase difference between them; and 
elliptic movement occurs to material points at node 
positions X2 and X3 on a node position Y1, and this elliptic 
movement can be enlarged and used for driving by providing 
displacement enlargement members 2a and 2b therein. 
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5S«)^*^ii){$<t-rsy:^TS^!S^-^T% mm^ 

im^i^l<omm\cm&^±n2 a~2diSr*LTt>S 

/cist), -ixlc-g-J?-B:TW-/u4^@^^-6(4rau^Jl^^^ 

{iiJi;*:gi52 a~2 d^5AP£Egtt1-SJ;5JC/ioTl>5o 
[0 0 8 01 U-yl'<^@^^6©i^ffi!|g5±ffif4, 
50 l!)*l6jtc?&o-t:®MiiSJgfig$tv. -g<S</ioT^1-flSB 
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[0081] BUSttUll IIJfe«»J4r^-rSEtiSET?fc 

[00 8 2] ^mmmim e tc^-rig e iiji0'j(75Si(]^- 

^c*5^^Tll 2 <r>^^^±^ 2b, 2 c t ^g^-rs 7 7 > 

v?/<t.tCffM$nfc||2 0^fi*gl5 6 b Ztt:*r[6i(ct3 
l^T||l®Miffi^g|5 2 a i:=^S-r2)|gl©g^fflj$|5 6 a 

^itifls-efcsjgii^f*, ^1. m2<Dmm^6a, 6 b 
oy^^mtrnM^ti. i^:ti^«j^(p)T'fcsxiiii*i6i{cSfi!) 

[0 0 8 3] Slli^JCtt^j^gCW 7 UTSIESlSiStt 

Ki Otcm^^rt^tiSi^lc/ioTJo'). rro^i^D 
5/ Kl 0(7)iSfj^gl5{ci^(t/c^^;^^8(c:J;i9Stl)i=-^±;^(c 

[0 0 8 4] /^*5. mi<omii^±^2 a tmitomm 

m 1 2 a l cOgttgB 6 a {CiPlE^teT- 

[008 5] ±fHLfcia 1 5 {c;^-t^ 1 1 mMmti. m 

b. 2 c t||20S«SB6 b fciO? 
^rtn^y Kl Of;l^PI!J^*:9;!lSe^^-r?)wi:icJ;^3/^$ 
tlT t ^ 5 ;i (D«J5!t-C-tt^(*3 n 5/ K 1 0 t ^i^Kift 9 

[0 0 8 6] Li-v. mviW^i^(Dmm\c^^Ltcm& 

[0 0 8 7] igi 7H. r©J:5i'i'<Tyi^^Uy^fl|jt 

roy=Te^^*-i?^«^-t-ss!bi^^^^-r^i 2m 
[0 0 8 8] Pttft: 2 0 li, ±m<o^mmmtmmicm 

mmm&^2 i a~2 1 dimmicMmmi^^ti. ^ 

E^Slbffl^egB2 1 a~2 1 d Cif^l{B!|tCffi(*9g»)fflf§ 
ea5 2 2 a~2 2 d j)5Sffi(>:fl^^$iXTt^5o 
[0 0 8 9] #tt«:2 OOji^ffiJCAtBESH^ 2 3At 
B If £E«^^ 2 3 B *S^^ $ A4aff 2 3 A tC 



3?iiita]I^fnAP-r5t. #tt»2 0«lll8 (a) \Z7n 
-fipfcXi , X2 , Xg $r8fi{ifii:i-5Xfft^r[S](c?& 
ofclft(flg|(jSrtt5o *fcBtBJE«|g^2 3BfC3!SlStt« 

jE^pp^n-rsi. iai8(o (b) ic;T^-rJ:9jc. Y2, 

Y3 ^®i|iSi-r6Y|ili;^[6](^«o/cftlflgtl)*tT9o 
rrT% ffil^li»jffl?;?eg|5 2 2 a t 2 2 b tflSfiYa 

<iS(c-&fc.-a:T^{t^ix. S>pf{|iloffirttiibffl?;?iga5 2 
2 c t 2 2 d t(4®Y3 roffigtC-^iP^T^ftfjiX, ffi 
^S!l)ffl?^egi5 2 1 a i: 2 1 d *3j;t>*ffiF^Sftffl§^eSi5 
10 22ai:22d (iintefiX2 (C-^^P-frT^tt 

fiii)ffl?^eg|5 2 1 b 1 2 1 ci6xxim^&mm^&U2 

2 b t 2 2 c tfigSffigXg (C-^i:>-&T^ttf>il-CV^ 
[0 0 9 0] fiid^ 2 4{*®Xi , Y2 , Y3 offiKtc 

[00 9 1] - © J; 9 tmm^^m-fiiS.m.m^ffi'^m 

/N'^'-VtLTH, 01 7tc^-rj; 5tc#ttf*:2 OOP 
ffi{c AtilEfl;^^^ 2 3 A t B^mSM^ 2 3 B Sr^ft 5 
^^(10190 (a) (^^i-/N°^-^'/5S-0iJt LT^If 
20 l^fe<7)lim«-f-2 3(CA, ^Wi^(r>S.nM=f-^Wt 

JtS«^(C(i|lll 9(^ (b) {C;T^f^^^->';iS-Mi: L 

[00 9 2] AffiEtt*^ 2 3 A i: BtBJIfl;*^ 2 3 B 
{C«9 0° 0{4*@^^*-t-555jt«ffiVA , Vg imiXi 
$ix. ®^SI!)ffl^iegi5 2 1 a~2 1 d. ffiF^Maffl^ 
2 2 a ~ 2 2 d ttEl 2 0 fi^f ffiRMftiiSJg^^iX 
5o ''.CtJ. Affiffiffl*i^2 3AJ;i^iig«/EVA Sr^APL 
T#tt^^2 0 tttlfSth^-frSA^-Ki:. B*affi«* 
2 3 B (cSesSmffiVg 5rM LT^ttf* 2 0 ^ft(f S 

ttft2 OroiEm^^tg^LTV^S, 
[0 0 9 3] t-tz. mi9(D (a) (CS^fBEm^^ (c4o 
V^TJi. [Sl«T-B^-h\ ^'^WiST-A^- K^^jg 
L. •fe^f-ffi2 3 S-e^l^$nfcA^- KSiHOff^Sr 

[0 0 9 4] ^itJ, Affi. BffiroE8[M:«:^^5:ii:(ii 

[0 0 9 5] 0 2 0(4. 2 OIC01 8 (C^-r A, 

40 B Pf*- V<r>m»si>mm $ i^ytl^f ©B5^1.SS!)fflllie 2 1 
a~2 1 d. ffi(^^«ffl^egB2 2 a~2 2 dtC^CS 
^WMWi<r>^m%:mV.. l^0co (a) It^ffiH. 

(b) f4 (a) «OB^ffi@. P0ro (c) (4 (a) OC 
^m0Sr^LTU^.£)„ fiH^ )^m<r>^^1&U2 1 a~2 
Id. 2 2 a~2 2 dW— ^JCO^^-C^^-§■a~h?^ffl^'» 

[00 9 6] S^fiSbffl^egP 2 1 a ~ 2 1 d O^/S 
a, e. d. hT'fi, X-Z5pE;j»P>^dMCY*|6HC<« 

50 i^Lfcffirtw«fns««s±i:., :irot»Rafb©*i6jf4. 
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xmi^tfi'O. *fc:«|L2 Critic L-C±T (Z*[Sj) » 

[0 0 9 7] *fc. ffirtSaKlffl^eSC2 2 a~2 2 
^^,b. f, c, gXii. X-Y¥ffil^(^+tHSl()>5i5* 

[0 0 9 8] 13 2 ll±±fEUfcStl]i^*#S)f4:t 

[009 9] r CD 2 5 fi, 2 ^J-fiH^Sifc: 

ir^ffmt LfctCOT\ -*ro@^^gp2 5 Ai{th.:fe-(0@ 
^^-§15 2 5 B i (4^oi^iiSg|5(;i#S L/c/^^ 2 6 J: fj 

[0 10 0] H^-?-SR2 5Ai:H!g^|fB2 5BOrtffi(C 

tl. ®^Si!)ffl^S2 1 a~2 1 dii^/^^P'y^'v^a 1 

[0 10 1] *fc, »i4ft:2 OOPCffit^T-^Lj ^« 
^T•^tffi]-r5ffirtgtbffl^elf|5 2 2 a i 2 2 dCOffiPelSg 

ffirtSf!lffl?§eS|5tag|52 7 tttX-ZBl^t?gEM 
L. ±Y;fy|6]ro$«'i«|*W®ti]Sr«-t-„ 
[0 1 0 2] -t"^^^%^ 1212 IdioV^T. ;^a. d^CO 

^(D^iHmmm^^^m^^t L-rY*ifi]{ctJit?>i*)ms: 
[0 10 3] /iib\ mp^mmm^mui:\!hn2 7\zMm 

L-Ct>j;<. *fc. S^S»ffl^eS|5^±z;&|S](;i*5tt 

[0104] ±iELfc«fig{cj; <o . mmw-X'hi>mws^ 

tiu-/V'i^m^^2 5Wu-/uSl5JcffioTX:*(RHc^tb 

•r^iK Si!i^-{^^(t?>tv-cv^53^«ft°>2 4(;:i4. ^] 

z.iim 2 2 t^/T^-r J; 9 immwii^ 2 8 /S^^j^gistt 2 9 

[0105] 022© (a) fl. 0210 (a) tC^-f 

B-B»rffiT'« ^i#t'^2 4 (itfisg bfc J: 5 (C. A, B 

itiEPfl- 2 9 1 fiSifi^ro^iijSfttc: J; o T. mmwjmws 

(^5S^(J;^sS!le^i^Sri:^5/j^^^J;9^c:•t■5fc«>, BWS 



[0 10 6] 4fc, **J£0tj(Cjol^-Ctt, 0230 
(a) izm-t3:ol:Z. u-yu<^t@^^2 Scou-v'USStc 
ttY*l5llc^{iT'#.5/^^^77V-:^3 l^SrffMb. ffi^ 
«ftffl^iea(-fi z ;^|6](c^fir-^ 5 :y/</^^. 3 0^m 

ifz\^x\/^^-A'\ m23(o (b) , (c) cDi^f-, — :^ 
lco;V-';'^</<^3 0X(13 1 ^ls:ttTt>J:<^ *fclll2 
3(D (d) H;£^gi5 2 5A(C»iZ*l6j(C^{i 

r'#5/^^>7 7>'v?3 1 z. ffi^Si!)ffl?iesc{-tiY:^ 

10 fB)(C^{a:T't5/-<^^7y ^v'3 0 Y^tSlltTt M 

0 2 3(7) (b) tc^fi^tc. ^^mz<^^'y^< 

(c) <Oi:oicm'&^U2 5A\C(0^yy<y<:^3 

[0107] 024ttigi3 mmm^^-rmmmumx 

[0 10 8] *IIJS«»J{4. l'-/V'«@^i^2 5fC, mWi 

20 mmmx'h?>)im{z<D?i-mmicmi^. ^fhmmm^m^ 

^ltfc^j^fc'V2 4^:frLTl!^!Et!j«^ ;isgi{t 

[0 10 9] -t^£i:>h. ^mmi^(7)^mMi}mtit^j:^ 

<r>X\ gi)^lc*l-1-5Z;^[fi]S>FfW:*»e>©}6)^l4^St 

[0110] 025(1^14 |lji0iJ^^1-itlllSWfffi0T' 
30 foSo 

[0111] ±|SLfc0 2 1 1 2 mMmX'\t. 0 2 

0(C7j^-t-glb^{?:}^L. x*r[6](;i^rt-t-S/cJ6ww—/i' 
4^@^^^2 5^«;!fei-?) 2^tiMS;(0@^g)5 2 5 A, 2 

5 Bi4ia]S(cis:it7t^<4^ 2 6 (c: J; 19 av^lcr6]^^-& 5:^1^ 
-A2 5 c^^(^«if)^^©^®ffi(cff^fig§^^fc^je^t^g 

ttf -5 U— /ua5 2 5 d ^:=*"A^^-<^^^(7)#14^Ji^-f-?)Si5 
tt-2 6 a Sr/i-SILTg2SL. 2 6 a {d i >9 APffi;^ 

[0112] 026 (in 15 %mm^n^^o 

[01 13] **Jfe0i|«. m 2 1 (C^-rig 1 2 Hig^iJ© 

mwmx\ ^[6]-rs@^^-iEP2 5 At 2 5 Bw^rfiytc^ 

(4, 0 2 6© (b) iC7fkiri.o\citm(on\^^mi:m< 

L. 02 6© (a) {cm-rxoicmm^^m^\^tc^m 
X'itmm^^^2 5 At 2 5Bti^^ntfi?>xi>izi^ 

50 [0 114] Lfc*SoT, igSb^t@^^g8t(4Z:frlRl 



(9) 



!RfP¥06-311765 



[0115llI127~@29li||16 ■m^m^TT^to 

[0 116] *llig^jii, «^^ro#ttflc4 iro^»fffi:fer 

(6](c:Affi)Em*T-4 3 Ai:BffiBE«*i^4 3 Bi^rSS 

Am^mm^A-i A^mWiirit. 112 (b) 

7W (c) {c^f J:5lc, Z-X¥®l^T-2jJ:wftffg 

»);45^T/^t?ix5 J; ei(CLTioi9 . Affiffifl;^i^4 3 Ai: 
Bl=aEEtt*^4 3B(D»11/N°^->-^[l2 SlCTj^-fo 
[0 1 1 7] #ttft4 1(C(1. li!):*(f«»)C«A^- K 
i . 2 J!>C*ffS»©B^- KO#fiRfii:ajC-a-*:>-&T|?e 
§|54 2 a, 42b. 42c. 4 2 d. 4 2 i im2 7 \C 

[0 1 181 Atgmfl;*?-4 3 Ai: B|@)±mig-?-4 3B 

mffiSrSlAp-f-St. ^eSl54 2 a. 4 2 c, 4 2d. 4 

2 f {C|lX-Y^ffil^(DfflRgi!);as^fei:, ^gg|54 2 
b, 4 2 elCiiX-zq^ffiP^OfflRilld^S^CSo 
43, ?§eifl54 2a. 4 2 c, 4 2d, 4 2 f {iB^JI 
ilj, ^jgffl54 2 b, 4 2 ettffirtS«lS:?IJffl-f5tCD-C? 

[0119][1129{4, 11127 tC^-r»^^*^ S^tt 
[0 12 01 ?*ttf*4 1 {CffM$ixfc^eg|5l4. 

4 l(D*f^^±(cEa$i^Tv^Sfc*, H^^t2^>«il 

L, -^^(Dll;e^^Si54 5 At<lil*ro@S^^gP4 5 

B t ?r^W T;^^<^ 4 6 tc J: 1) 5:^,^^c:[^i]^^■^ 5 *|fi]{-f+ 

^L--Cl'^2)„ @:t^^a54 5At@^i=-gi54 5 B(C(4. ± 

*OU'-yi'gB4 7 ±tBLfcffirtSii^lE»)f-fflv^5 
U-/l'|f54 8 tijS^>!ry/V<^^tjgT-}g^*ttTt''5„ 
[0 12 1103 Oioit/HB IJiHl 7|lli{?iJ?r^ 

-To 

[0 12 21 *K*^JI4. SI()^^^«/?g-r55ft£^5 1 

^-5 3;55g-g-$tlTV>5o 
[0 12 31 Atai±m*i^Sr^«)f ■St. L$:ffi»tt^* 

5 1I4E13 0® (b) lC;T^-t-A*- KOftff giiSrtT 
t\ BffilI«*^i^Pi!)i-5t, L*fi#tt*^5 iim 

3 0» (c) iC^i-B^-KroftlfSSl^tTPc 

A, Bm^-v(Dm^mWimt. w^v^-^ Ko^mt-^ 

[01241 ^ttft: 5 1 tC(4, A^- KOgi^iBt-^i? 
-arT^fillB 5 2 a , 52b, 52c, 52d, 52e. 
52f*S|g3 0© (a) WA, 



B^- K(OStb5r9 0° (Dte+BIS^^g-LTJ^^-rSi:, 
JtS:Jte1-Si?e5 2 a i: 5 2 b »;ittX-Yq2ffif*3T-ffiRjl 
m^^^. ni:fiir'^m5 2ct52d, 52ei:52 

f (ctj;X-Z^Ert(7)|tRillii;45^CSo 

[0125] 1131 (4, 030 (C^t-Sib^ (C 

Jcj^^S^iX, HlWH^^FgBS 5 AtC^*L. /^^5 6Sr 
:frLTM2»@^i^g|5 5 5 Bt^3<^)H^^-§q5 5 c t 

10 ^rUT. ^1. ^2, ^3(0^@£^^gC(C(4:y/V-<^« 

[0 12 6] JjA±lftB^Lfc#lliS«SJ©j@^j6^-^(4, 

[0 12 7] 

20 Ml^^fltit^-ofLo 

[0 12 81 (Dft#tt*[6U>t^O^'<-^ic:f4t)a$jfe 

[0 12 9] ®S3|s:6<j{c«i:?§ew^Sr*1-5v'>'yyw 

[0 13 0] ®iawfii!)m/ii5^Lv^4a(a^- k. ^fca 

[0 13 1] ZOtcif). ■=iv^<^ h-CSS^^ifeS^iSi^ 
[0 13 2] *fc. I**«9~l 2(ilE«©^P^lciix 

40 [msrofi^/iiieq] 

[0 1 1 ^wnnw, 1 *ife0ij<^s^-f-iiiB&M«iao 

[112] 1110Stl)^^Wg»)^— K^^L. (a) , 

(a-1) , (a-2) \t.%i<omi'^-Y(omi^m 

Sr^L, (b) , (b-1) , (b-2) tt|g2<Dfllf 

[113] ^zmmm^^^^m&num. 

[04] ^4*te0iJ^^T^L, (a) l4S»)^^(^Mmil. 

(b) \t^i<Dmf=^-Y(ommv^m. u) \m2<D 

50 [@5l ^5|li&0i|^^L, (a) \-imW)=f-<r>i0^^m. 
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(b) itmi(omf^-h'(omw}^m. (c) (tm2(D 
ms] m7 <DmW}i-(Dmwj'^- h'^^^L. (a) jin 

[0111 ^^^<Dmi^mw)^^7fk-rmo 

[0121 0l«^^iSb^l-^3(j■5i±s*^co^^l^^°^- 

>'^^L. (a) (4 2|Jc1S)^»«-a-^*L. (b) (41 
t!tfll^»«^^^*L, (c) (a) cOffimig^fz-feV 
f— tt**Px.fc»^. (d) (b) coffiffl;^^{c-fei^ 

[0131 ^dmrnmiTTsi-mmmmo 
[0141^10 mmm^^^ Lmmmmo 
[0151^11 mmm^^ u ( a ) ttms, 

(b) (4 (a) cDlS»fffi0, 
[016 1 ll2*Jfe<^J?r*-t-Mia0o 

[0171^12 mmm^TTs-rmmf-nmrnnmo 

[0181017 fO^tb^coSS)*- KSr^-r0o 

[0191 01 7omm^i^isi-f?>i£mm^<D^m^<^ 

-y^TjkL. (a) tt2tSc«^0^^, (b) ttltiC« 

[0201 017 (omm^nmm^m^^^ ( a ) (4 
(4 (a) (OB:fjmi)^h^tzm'^<o^mu<Dmm^m. 

(c) {4 (a) ©c;^i6]*>e>l,fc4i^w?^gS|5©g»;|^ 

[02 11 01 7 (Dm&^i:mMi-\cmmLtz^m^^^ 



(a) I4fflffl0. (b) (4 (a) OA-. 
0. (c) 14 (a) (DB-BBm^m. 

[0221 021 (omm^izmi-^^mWiW-owLnim 

ffiSr.T^L. (a) l4»fS0, (b) J4MS0, 
[0231 02 1 (OSKi^i l^-zugCt <^g|«fl|jiSr* 

-r0o 

[0 2 4 1 m 1 3^Jli0i]^.T^t-itBSMm0o 

[02 51 mi 4mmm^7jpirms^ihmmo 
(0261^15 mmm^^^i-Wimmx\ ( a ) i4h^ 

10 ^i;^SIi)i^^$^^Lfc*^ffi*^U (b) i-xm^ntM 

[0271 ^16 mmmi:7P l, ( a ) itmm^(r>im 
0, (b) . (c) ii^^mW}'^m^^-rmx'h?>o 

[0 2 8 1 0 2 7 (^Sifl^-(Cj3»t.5ffi«ig^<0^ffi/<^ 
[02 91 0 2 7C0S»^Sr@^^(c$g«Lfc#tffiSr^ 



[0 3 0 1 H 1 7 mmm^m ( a ) l4St!)^WSUI& 

#4^0, (b) . (c) ii^^mmi^m^Tji-tm-vh 

20 5„ 

[03 11 0 3 0<D^«i^SrH^^tc:$|«Lytt>tffi^^ 

-rB^ffi0o 
[w-^<olftp^l 

1, 2 0, 4 1-3*ttfi^ 2, 2 a, 2b --^ 

3, 3 A, 3B-JE«*^ 4. 4 a. 4 b. 4 
c 

6 --U— yWttcS^-T- 6a, 6b' 

30 9 -^mmm^ 1 0 - D -y K 
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l^nu] ¥f^i2^i iMson (2 0 00. ii. so) 



[<Z^Pj^#-^1 f^mW-G- 3 117 6 5 

l-'AmS] W-f^6¥l in 4B (1994. 11. 4) 

i^m^m ^^kmrnm-'Ame- axis 

[tiJIS»#l #K¥5 - 8 9 8 9 3 

H02N 2/00 
[F II 
H02N 2/00 



imiHB] ¥J$.1 l¥6n2 3U (1 9 9 9. 6. 2 
3) 

fi <t 1 « ft »f SBj*- KT-J^fig $ ix5 SifiiM t ©3? 

[f**3l4l li*^2^C^oV^T. MlE^2cDffilfSii) 
Mft. 



M|2ll2<^ftifSt!)^-K-C'Ji^^$4iS8fif4B<©t 

30 2 o»ft{f ^ibo-g-figtc J: !3^jg«i5*i4<*:(7)0r^coK^ 

It. ^S^W);^[6)i:2^^{cii:$■t■S2:^[S)^ct5l/^T. i: 
?S o i^mic ffi^SS) ^riaei- 5 ^^e as t ffi I*) s» 

50 mtcsjt^rir^^mt-rsjiSEsffiiap 
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Mo 

1 2 1 m^m 9 t-fcv ^T. Miasft#tt#:tt 

[MiE*f^«@iSl 0 0 0 1 
[000 1] 

[ffilESff^IISi&l 0 0 0 2 
[0 0 0 2] 

[«E>ft^rlg^&l 0 0 0 3 

(0 0 0 31 (1) :g*SRJi^^^©«»l^Sr«Afei-53*tt 

»J$-tir?)ff^^-C\ mMW-S- 1 8 3 3 7 6-^^. 
¥3-1 8 3 38 1^;^. iRFM¥3-2 8 9 3 7 0-§- 

immn^ms^] ooo4 

[0 0 0 41 (2) ^ff^i^roSKT-^ISfigt-S^ttmc 



M> i|#M¥4-2 9 5 7 5#^at. #M¥4-9 16 6 
8 ^^^(C^^ $ tuT V ^ -5. 
[*iggMjE7l 

[ffiiE*f^»«i&] mmm 
mjEM^ms^] 0008 

[ttiE;&&l 
(ffiErt^l 
[0 0 0 81 

[B?l!;?|Sfi¥*LJ;9 t-rSiSSl ±a?Lfc3 ^'^T'og 
[*iKffijE8l 

[ttjE*r«#^i&i mmm 
miEn^ms^] 0009 

[4iiE*r^] ^5 
[ffijErt^l 

[00091 1) ftl«R?^<^Olg|!)^T'«J$$tl5M» 

[^iBIMjE9l 
[«iE*t^»«iSl HJ*ffl» 
[Ml*f*9S^l 00 10 
(ttjE;lbrfel '^S 
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